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Genetic Markers of Fibrinolytic Responses of 
Older Persons to Exercise Training 



Abstract 

We assessed the interactive effect of genetic polymorphisms and 
exercise training on fibrinolysis in 50-75 yr old men (n « 17) and 
women (n = 28). Subjects had tissue plasminogen activator (t-PA) 
antigen levels and activity and plasminogen activator inhibitor-1 
(PAl-1 ) activity measured before and after 6 mo of endurance-ex- 
ercise training. Subject's DNA was typed for the PAI-1 4 G/5 G and 
t-PA 1/D variants. Baseline PAI-1 activity, t-PA activity, and t-PA 
antigen levels were not different among PAI-1 or t-PA genotype 
groups. Overall, exercise training did not change PAI-1 activity 
(-0.43 + 0.81 lU/mL, p = NS), increased t-PA activity (0.37 ± 
0.16IU/mL, p = 0.02), and decreased t-PA antigen levels 
(- 0.88 ± 0.20 ng/mL, p< 0.001). Although the differences in 



changes with training were not significant among genotype 
groups, significant t-PA antigen level improvements were evi- 
dent only in PAI-1 4G allele carriers and significant t-PA activity 
increases only in PAI-1 4 G homozygotes. t-PA genotype affected 
the training-induced t-PA antigen level improvements 
(p~ 0.033) after covarying for gender and baseline t-PA antigen 
levels, with the smallest and largest reductions in the D homozy- 
gotes and 1/D heterozygotes, respectively. These findings could 
have important treatment implications for the use of exercise 
training to reduce CV disease and thrombotic risk in older men 
and women. 
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Introduction 

Impaired endogenous fibrinolysis, the inability to lyse excess or 
inappropriate clots, is an independent risk factor for cardiovas- 
cular (CV) disease. Fibrinolysis is primarily determined by the 
levels of tissue plasminogen activator (t-PA) and plasminogen 
activator inhibitor-1 (PAi-1 ). Elevated PAI-1 activity is associated 
with a greater risk for myocardial infarction and death [4,12,18). 
Large-scale studies indicate that elevations in t-PA antigen, a 
marker for hypofibrinolysis predominantly reflecting inactive 
circulating t-PA bound to PAI-1, is related to myocardial infarc- 
tion (Ml) and stroke risk [4,22,23]. 



PAi-1 activity has been reported to be associated with a common 
4G/5G PAI-1 genetic polymorphism in the PAI-1 gene promoter 
region [5]. This functional polymorphism has been shown to in- 
fluence PAI-1 levels both in vitro and in vivo. Eriksson et al. [9] 
demonstrated that basal PAI-1 transcription varied as a function 
of PAi-1 genotype and PAI-1 levels were positively related to the 
number of 4 G alleles. Based on these and other results, the 4 G/ 
5 G polymorphism has been considered an independent CV dis- 
ease risk factor. 

An Alu repeat insertion/deletion (I/D) polymorphism in intron 8 
of the t-PA gene is also a locus that could affect fibrinolysis. A re- 
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cent study found an independent relationship between the t-PA 
gene I allele and risk of nonfatal MI [28]. However, in another 
study, the t-PA gene D allele was related to venous thromboemb- 
olism risk [15], although they found no relationship between the 
t-PA gene I/D polymorphism and t-PA antigen levels. Interest- 
ingly, Jem and coworkers [17] found a significant relationship 
between t-PA vascular release rate, but not blood t-PA levels, 
and 1/D genotype. 

Studies of physical activity and CV disease incidence indicate 
that there is an unexplained protective effect of physical activity 
on CV disease after accounting for its effects on conventional CV 
disease risk factors [2]. It is generally believed that the positive 
effect of physical activity on CV health may be partly mediated 
via improvements in fibrinolysis [25]. Although the effects of ex- 
ercise training on fibrinolysis have been investigated [3,6,8, 
11,21,24,25], the results are not consistent. These discrepant 
findings may be attributed to different study designs, control of 
confounding variables, sample sizes, and the duration and inten- 
sity of exercise training. However, it is also possible that the ge- 
netic makeup of the subjects in these different studies varied. 

To our knowledge, only one study has assessed whether individ- 
uals with different genetic makeup have different fibrinolytic re- 
sponses to exercise training [26]. Vaisanen et al. reported that 
only PA1-1 4G/4G genotype men improved PAI-1 activity with 
exercise training. Therefore, we hypothesized that the PAI-1 4G/ 
5 G and the t-PA I/D polymorphisms would affect fibrinolytic re- 
sponses to endurance exercise training. 



Methods 

Subjects were sedentary, non-smoking, healthy men (n = 17) and 
women (n = 28) aged 50-75 years; 32 of the subjects were Cau- 
casian (13 men, 19 women), 10 were African American (3 men, 7 
women), 2 were Asian/Pacific Islanders (1 man, 1 woman), and 
one woman was Hispanic American. Sedentary was defined as 
not having participated in regular aerobic activity (<20min, <2 
times/wk) for > 6 months. Written informed consent was provid- 
ed by each subject after the study and .its risks had been de- 
scribed. The study protocol was approved by the University of 
Maryland College Park Institutional Review Board. All women 
were postmenopausal; women on hormone replacement ther- 
apy (HRT) (n« 10) continued their HRT for the duration of the 
study and those not on HRT(n- 18) remained off for the duration 
of the study. Subjects were screened with a medical history and 
general physical examination. Screening for blood chemistry en- 
sured no diabetes, liver, renal, or hematological diseases. Individ- 
uals with blood pressure > 160/90 mm Hg were excluded from 
the study. This project was part of a larger study for which sub- 
jects had to have >1 National Cholesterol Education Program 
plasma lipoprotein-lipid risk factor (cholesterol >200mg/dL, 
LDL-choiesterol >140mg/dL, HDL-cholesterol <40mg/dL, TG 
>200mg/dL). To screen for CV disease, a graded exercise test 
was administered and those with ECG or symptomatic evidence 
of CV disease were excluded from the study [1]. 

Subjects then underwent a 6wk Dietary Stabilization program 
based on the American Heart Association Step 1 Diet [19]. Sub- 



jects maintained this diet throughout the study. To monitor ad- 
herence to the diet, 7-day food records were administrated be- 
fore, during, and at the end of the exercise intervention. After 
completing Dietary Stabilization, subjects underwent baseline 
testing that included blood samples for plasma fibrinolytic 
measures (PAI-1 activity, t-PA activity, and t-PA antigen levels) 
and plasma lipoprotein lipid profiles, and measurement of 
V0 2 max. 

Blood samples for fibrinolytic levels were collected between 
6:30 and 9 : 30 AM after a 1 2-hr overnight fast to avoid the effect 
of circadian variation on fibrinolysis. Subjects were questioned 
to ensure they were free from any inflammation or infection for 
>2 wks before blood sampling. Blood was collected through an 
atraumatic venipuncture. To determine PAI-1 and t-PA activities, 
blood was drawn into a tube containing acidified citrate buffer 
(Biopool Stabilyte, Biopool, Sweden), To determine t-PA antigen, 
blood was drawn into a tube containing 3.8% trisodium citrate. 
Within 15 min of collection, anticoagulated blood samples were 
centrifuged at 10,000 rpm for 20 min at 4 °C After centrifugation, 
plasma was stored at - 80 °C until analysis. PAI-1 and t-PA activ- 
ity assays were performed within 6 months of sample collection. 
Baseline and final samples were analyzed for t-PA antigen levels 
in the same assay run at the end of the study. 

Platelet poor plasma PAI-1 activities were assayed by the crim- 
inogenic method (Spectrolyse/pL PA1, Biopool, Sweden). The in- 
tra-assay and inter-assay coefficients of variation (CV) for PAI-1 
activity were 5.8% and 8.6%, respectively. Plasma t-PA activity 
was determined by the direct amidolytic activity method (Coaset 
t-PA, Chromogenix); intra-assay and inter-assay CV were 5.5% 
and 1.8%, respectively. Plasma t-PA antigen concentration was 
determined by enzyme-linked immunosorbent assay (ELISA) 
(Asserachrom, Diagnotica Stago); intra-assay and inter-assay CV 
were 3.9% and 2.8%, respectively. 

V0 2max was measured during a graded treadmill protocol we 
have used previously [29]. A true V0 2max was considered to have 
been achieved if standard physiological criteria were exceeded 
[29]. Genomic DNA was extracted from leukocytes using a stand- 
ard salting-out procedure. Genotype analysis for the PAI-1 pro- 
moter polymorphism was performed as described by Marga- 
glione et al. [20]. Genotyping was performed according to Jern 
et al. [17] for the t-PA intron 8 1/D polymorphism. 

The exercise training program consisted of endurance exercise 3 
times/wk for 6 months under the supervision of study personnel 
with intensity and duration gradually increased so that subjects 
exercised for 40 min at 70% V0 2max for the last 3-4 months of 
training [29]. After 10 weeks, subjects added a lower intensity 
exercise bout on the weekend. After training, each subject re- 
peated the measurements of plasma fibrinolytic levels, plasma 
lipoprotein-lipid profiles, and V0 2max . To avoid the acute effects 
of exercise, blood samples during final testing were drawn 24- 
36 hrs after the last bout of exercise. 

PAI-1 and t-PA genotype frequencies were compared to expected 
population frequencies using chi-squared tests. The distributions 
of men and women, and women who were on and not on HRT 
were also compared among genotype groups using chi-squared 
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tests. Ethnicity was included as a covariate in all initial analyses; 
however, there were no significant effects associated with eth- 
nicity and including ethnicity had no significant effects on fibri- 
nolysis outcome variables. Differences for variables among PAI-1 
and t-PA genotype groups were analyzed by one-way ANOVA. 
Homogeneity of variance was violated only for baseline BM1 
among t-PA genotype groups and these values were analyzed us- 
ing an ANOVA on appropriately transformed data. Changes in fi- 
brinolytic variables with training among genotype groups were 
analyzed by ANCOVA using general linear models; specific co- 
variates used for each analysis are provided in the Results sec- 
tion. When group differences existed, appropriate post hoc tests 
were performed. Statistical analyses were performed using the 
SPSS 10.0 program (SPSS Inc. Chicago, USA). Data are presented 
as mean ± SE. A p-value < 0.05 was considered statistically signif- 
icant. 



Results 

Allele and genotype frequencies (Table 1) 

in the total population, 4 G and 5 G allele frequencies for the PAI- 
1 promoter gene variant were 0.56 and 0.44, respectively, and 1 
and D allele frequencies for the t-PA I/D polymorphism were 
0.58 and 0.42, respectively. Allele and genotype frequencies dif- 
fered somewhat among ethnic groups. However, in the ethnic 
groups with the largest sample sizes (Caucasians, African Ameri- 
cans), allele and genotype frequencies did not differ substantially 
from previous values in larger populations. The genotype distri- 
butions for both polymorphisms were in Hardy-Weinberg equi- 
librium. The distribution of men and women, and women who 
were on and not on HRT, did not differ among the three genotype 
groups at each of the two gene loci. 

Baseline characteristics and PAI-1 4 G/5 G genotype (Table 2) 

At baseline, PAI-1 genotype groups did not differ in terms of body 
weight, or V0 2m , ix , although 4 G and 5 G homozygous individuals 
had significantly higher BMl than heterozygotes. Baseline PAI-1 
activity, t-PA activity, and t-PA antigen levels also were not sig- 
nificantly different among PAI-1 genotype groups either with or 
without covarying for BMl and V0 2mtlx . 

Baseline characteristics and t-PA l/D genotype (Table 3) 

At baseline, there were no differences in body weight, BMl, or 
V0 2max among t-PA genotype groups. Baseline t-PA activity and 
antigen levels also did not differ significantly among the t-PA 
genotype groups, again either with or without covarying for 
baseline PAI-1 activity, BMl, and V0 2max . 

Overall exercise training effects 

In the total group, exercise training resulted in significant in- 
creases in V0 2max (3.8 + 0.5 mL/kg/min, 0.26 ± 0.04 L/min; 
p< 0.0001) and decreases in body weight (-1.6 ±0.4 kg, 
p < 0.001 ) and BMl (- 0.55 ± 0.12 kg/m 2 , p < 0.001 ). Exercise train- 
ing resulted in no change in PAI-1 activity (-0.43 ±0.81 lU/rnL), 
increased t-PA activity (0.37 ±0.16 lU/mL, p = 0.02), and de- 
creased t-PA antigen levels (- 0.88 ± 0.20 ng/mL, p< 0.001). In 
the total group, PAI-1 activity changes with training were posi- 
tively correlated with training-induced changes in t-PA antigen 
(r = 0.73, p< 0.001). No significant correlations were found be- 



Table 1 PAI-1 and t-PA gene allele frequencies for the total study 
population and the Caucasian and African American ethnic 
groups 





PAI-1 Alleles 
4C 


5C 


t-PA Alleles 
1 


D 


Total study 


0.56 


0.44 


0.58 


0.42 


population 










Caucasians 


0.62 


0.38 


0.64 


0.36 


African Americans 


030 


0.70 


0.35 


0.65 



Table 2 Baseline and final physical characteristics and fibrinolysis 
values for PAI-1 genotype groups 



PAI-1 Genotype Croups 

4C/4G{n = 15) 4C/5G(n = 20) 5C/5C(n = 10j 



Age, yr 


583 + 1.6 


58.1 + 1.4 


57.7 + 1.9 


Body weight, kg 






~ baseline 


87.3 ±3.9 


77.2 ±2.6 


84.5 ±4.0 


- final 


85.7 ±3.7 


75.7 + 2.6 


82,6±3.8 


- change 


-1.6 + 0.8 


-1.4 + 0.5* 


-1.9±0.4 + + 


BMl, kg/m 2 








- baseline 


29.4±1.0* 


26.5 + 0.8 


30.3±1.4* 


- final 


28.9+1.0* 


26.0 ±0.7 


29.7 ±13* 


- change 


~0.5±0J 


-0.5 ±0.2' 


-0.7 + 0.1 + * 


V0 2max , ml/kg/min 






- baseline 


24.6 ±1.2 


26.5 + 1.2 


22.8 ±1.7 


- final 


27.9 + 1.5 


31.5±1.6 


25.0±23 t 


- change 


3.2±0.6 + ** 


5.0 + 0.9" 


2.3 ±0.7' 


PAI-1 activity, lU/mL 






- baseline 


16.4 + 1.6 


13.1+0.9 


15.4 + 2.0 


- final 


15.3 + 1.5 


133 + 1.1 


15.0 ±2.0 


- change 


-1.1 + 1.1 


0.1 ±13 


-0.5 + 2.2 


t-PA activity, U/mL 






- baseline 


0.49 ±0.08 


0.60 ±0.08 


0.54 ±0.06 


- final 


0.87 + 0.14 


1.09 + 0.35 


0.63±0.14 


- change 


0.38±Q.ir* 


0.50±0.34 


0.09±0.15 


t-PA, antigen, ng/mL 






- baseline 


8.3 ±1.0 


7.6 ±0.6 


7.9 ±0.9 


- final 


7.3±0.9 


6.7 ±0.5 


73 + 0.7 


- change 


- 1.0 ±0.3* * 


-0.9±0.3 + 


-0.6±0.4 



* indicates difference from 4G/5G genotype group significant at p<0.05; "indi- 
cates change as a result of exercise training within that genotype group significant 
at p < 0.05. " at p < 0.01 , and * * * at p < 0,001 



tween training-induced changes in fibrinolytic variables and 
changes in body composition. Changes in V0 2max with training 
were negatively correlated with training-induced changes in 
PAI-1 activity (r = -0.30, p = 0.043) and t-PA antigen (r=-0.31, 
p- 0.042). 
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Table 3 Baseline and final physical characteristics and fibrinolytic 
values for t-PA genotype groups 



t-PA Genotype Croups 

l/l(n = 14) l/D(n*24) D/D(n*>7) 



Age, yr 


57.6 + 1.6 


57,0 ±1.2 


62.7 ±2.1 


Body weight, kg 






- baseline 


86.6 ±3.5 


81,5 + 3.0 


75.7 ±2.8 


- final 


84.7 + 3.6 


80.0 ±2.8 


74.4 + 2.9 


- change 


~1.9±Q,8 + 


-1.5+0.4** 


-1.4 ±0.9 


BMI, kg/m* 








- baseline 


29.9 ±0.7 


27.6 ±1.0 


27,5±1.1 


- final 


29.2 ±0.8 


27.1 ±0.9 


27.0±1.0 


- change 


~0.6±0.3 + 


-0.5 ±0.1 ' * 


-0.5 ±0.3 


V0 2max , ml/kg/min 






- baseline 


25.1 ±1.4 


25.8±1.1 


22.5 ±1.2 


- final 


28.5 ±1.8 


29.8 ±1.6 


26.4 ±1.8 


- change 


3.4±0.7" f 


4.0±0.8'" 


4.0 + 0.9" 


t-PA activity, U/mL 






- baseline 


0.45 ±0.05 


0.62 ±0.08 


0.50 ±0.06 


- final 


0.82±0.13 


1.1 ±0.30 


0.45 ±0.09 


- change 


0.38±0.10 +4 


0.48 ±0.28 


-0.05 ±0.07 


t-PA, antigen, ng/mL 






- baseline 


8.2 ±0.9 


7.8±0.6 


73 + 1.1 


- final 


7.4±0.8 


6.7 ±0.5 


7,5 ±0.7 


- change 


-0.8 ±0.3* 


-1.2±0.2** + 


0.2 ±0.7 



* indicates change as a result of exercise training within that genotype group signif- 
icant at p< 0.05/ \it p< 0.005, and at p< 0.001 



Exercise training and PAI-1 4 G/5 G genotype (Table 2) 

There were no significant differences in training-induced chang- 
es in V0 2nwx , body weight, or BMI among the three PAI-1 geno- 
type groups. Exercise training did not alter PAI-1 activity levels 
differently among the three PAI-1 genotype groups. t-PA activity 
and t-PA antigen changes with training were not significantly 
different among PAI-1 genotype groups, either with or without 
adjusting for gender and training-induced changes in body 
weight, BMI, and V0 2max . However, significant t-PA antigen re- 
ductions with training were evident only in PAI-1 4G allele car- 
riers and significant t-PA activity increases with training were 
evident only in PAI-1 4G homozygotes. These same PAI-1 geno- 
type-dependent differences in t-PA antigen and activity training 
responses were still evident when analyzed only in the Cauca- 
sian subjects. 

Exercise training and t-PA I/D genotype (Table 3) 

There were no significant differences in the training-induced 
changes in body weight, BMI or V0 2m , x among the three t-PA 
genotype groups. The genotype-dependent training-induced t- 
PA antigen (p - 0.054), but not t-PA activity (p « 0.51 ), responses 
approached statistical significance. However, after covarying for 
baseline t-PA antigen levels, t-PA genotype significantly affected 
the training-induced improvement in t-PA antigen levels 
(p« 0.033). t-PA activity and t-PA antigen levels did not change 
significantly with training in t-PA D/D genotype individuals, 



whereas t-PA I/I genotype individuals increased t-PA activity 
(p = 0.003) and decreased t-PA antigen levels (p-0.015) with 
training. In addition, a decrease in t-PA antigen levels with train- 
ing was also observed in the t-PA I/D heterozygotes (p < 0.0001 ). 
Post hoc analyses indicated that the change in t-PA antigen levels 
in the D/D genotype group was significantly different from that 
in the I/D heterozygotes (p = 0.011). The effect of t-PA genotype 
on changes in t-PA antigen levels approached significance after 
covarying for training-induced changes in PAI-1 activity levels 
(p « 0.052). Changes in t-PA activity with training were not differ- 
ent among t-PA genotypes after controlling for changes in PAI-1 
activity. Again, the same general trends for t-PA genotype-de- 
pendent training-induced t-PA antigen and activity changes 
were evident when the analyses were run only on the Caucasian 
subjects. 



Discussion 

The novel finding of the present study is that in older healthy 
sedentary men and women at risk for CV disease, the exercise 
training-induced change in t-PA antigen levels is associated with 
the I/D gene variant in intron 8 of the t-PA gene. The t-PA I/D het- 
erozygotes demonstrated a larger reduction in t-PA antigen lev- 
els with exercise training than D allele homozygotes. D/D homo- 
zygotes also did not elicit significant changes in either t-PA activ- 
ity or t-PA antigen with training. In addition, there was some evi- 
dence that PAI-1 genotype might affect t-PA antigen levels with 
exercise training. 

Prospective studies [22,23] have found an increased risk for both 
MI and stroke in those with elevated t-PA levels. Common genet- 
ic variants associated with t-PA levels have recently been widely 
studied. In agreement with previous reports 1 16, 23, 28], we 
found baseline t-PA activity and antigen levels were not related 
to the I/D polymorphism in intron 8 of the t-PA gene. This poly- 
morphism does not appear to influence basal t-PA production by 
endothelial cells (27]. However, it has recently been reported 
that this polymorphism is associated with t-PA vascular release 
rate in vivo [17]. To our knowledge, the present study is the first 
to show that exercise training-induced changes in t-PA antigen 
were significantly associated with this t-PA i/D polymorphism, 
with the greatest reduction in t-PA antigen levels evident in I/D 
heterozygotes, while no significant change was evident in D ho- 
mozygotes. Thus, the present findings provide support for the 
existence of significant gene-environment (exercise) interactions 
that modify systemic fibrinolysis. However, the t-PA I/D poly- 
morphism is intronic and, hence, can not be functional, Thus, 
our finding, that this polymorphism affected training-induced t- 
PA antigen changes, may be the result of this locus actually being 
in linkage disequilibrium with an as yet unknown functional var- 
iant within this gene, 

The PAI-1 gene has been studied extensively and substantial evi- 
dence indicates that a functional molecular mechanism is re- 
sponsible for the genotype-dependent differential PAI-1 produc- 
tion. The 4 G/5 G polymorphism is located in the promoter region 
of the gene, and both the 4 G and 5 G alleles contain binding sites 
for a transcription activator [5,10], However, the 5 C allele also 
provides a binding site for a transcription repressor. Importantly, 
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the site for transcription repressor binding partially overlaps the 
site for transcription activator binding. Thus, the two transcrip- 
tion factors compete with each other for binding. This has been 
proposed as the mechanism for the 4G allele being associated 
with higher PAM production [5], 

Despite some studies reporting an association between the PAI-1 
promoter polymorphism and circulating PAI-1 levels [9,30], in 
agreement with others [7,13), our subject's baseline PAI-1 activ- 
ity levels were not associated with the 4G/5G PAI-1 promoter 
polymorphism. This lack of an association may be due to the fact 
that plasma PAI-1 activity is dynamic and involves not only its 
basal production, but also binding to the plasminogen activators 
and clearance from the systemic circulation, in addition to a con- 
version to its latent conformation. A recent study reported an as- 
sociation between t-PA levels and PAI-1 genotypes [14], In the 
present study, neither baseline t-PA antigen levels nor t-PA activ- 
ity was associated with PAI-1 4G/5G genotype, a finding that 
might be attributable to the relatively small sample size we had 
to detect such a relationship. A previous investigation reported 
that regular exercise may be more beneficial to the 4 G homozy- 
gotes as those individuals showed a significant reduction in PAl- 
1 activity with training [26]. These previous results are similar to 
ours as we demonstrated a possible favorable effect of exercise 
training by reducing t-PA antigen up to 12% in the 4G/4G and 
4G/5 G groups and by increasing t-PA activity by 78% in the 4G/ 
4G and 83% (though not significant) in the 4G/5G, despite a 
non-significant change in PAI-1 activity. In contrast, individuals 
in the 5G homozygous group did not show significant changes 
in t-PA antigen nor t-PA activity. This suggests a potential role 
for the PAI-1 4G/5G polymorphism in determining exercise 
training-induced changes of endogenous fibrinolysis. On the oth- 
er hand, despite some reports that the PAI-1 4G/5G polymor- 
phism may be a candidate locus for obesity, although BMI at 
baseline was related to PAI-1 genotype in our study, the hetero- 
zygotes at this locus had the lowest BMI compared to both ho- 
mozygote groups and it is difficult to ascribe physiological signif- 
icance to such a relationship. 

There is evidence, although not completely consistent, that t-PA 
antigen is a better marker of fibrinolysis [23]. The half-life of ac- 
tive t-PA and PAI-1 is rather short (5-7 minutes). In addition, t- 
PA/PA1-1 complex clearance is much slower than free t-PA, and 
hence, the t-PA/PAl-1 complex has a longer half-life. Therefore, 
when the PAI-1 level is high, t-PA antigen could still be accumu- 
lating in the circulation, making it a more stable marker of im- 
paired fibrinolytic potential. Since the majority of t-PA measured 
by the antigenic assay is in the form of t-PA/PAI-1 complex, the t- 
PA antigen levels, as determined in the present study, would pri- 
marily reflect the levels of PAI-1. In addition, it has been shown 
that although circadian variations in t-PA antigen exist, the 
changes are much smaller than those of PAI-1 and t-PA activities. 
Moreover, t-PA antigen levels show smaller intra-individual var- 
iation compared to PAI-1 and t-PA activity measures. Thus, the 
finding that a decrease in t-PA antigen levels with exercise train- 
ing occurs in the subjects carrying the 4G alleles may be of 
particular importance in terms of CV disease and stroke risk re- 
duction with exercise training in those with the 4 G/4 G and 4 G/ 
5 C genotype. 



Sample size may be a limitation when interpreting our results. 
However, a number of study design features enhanced our ability 
to reduce inter-individual variance in baseline fibrinolytic meas- 
ures and their responses to exercise training, including the con- 
trol of diet, which can have it's own independent effects on fibri- 
nolytic measures, the screening of participants to exclude those 
with any evidence of CV disease or recent inflammation or infec- 
tion, the recruitment of sedentary individuals to eliminate any 
potential effect of varying physical activity levels on fibrinolysis, 
the application of a highly standardized and supervised pro- 
longed endurance exercise training intervention, and the assess- 
ment of three, rather than a single, fibrinolytic indices. These de- 
sign features undoubtedly enhanced our ability to detect geno- 
type-dependent differences by accounting for other variables 
known to contribute to the inter-individual variability in these 
fibrinolytic indices. 

In summary, we found that t-PA antigen, a CV disease risk factor, 
may be differentially modified by exercise training in older 
healthy sedentary men and women depending on their t-PA l/D 
genotype. It appears that t-PA I allele carriers improved t-PA ac- 
tivity and t-PA antigen levels with exercise training, while t-PA D 
allele homozygotes generally did not elicit improvements with 
exercise training. If this is substantiated in a larger prospective 
trial, since there is no specific medication to improve fibrinolysis, 
t-PA I allele carriers would appear to especially benefit from ex- 
ercise training in terms of improving their fibrinolytic capacity. 
Our data also suggest a potential role for the PAI-1 4 G/5 G poly- 
morphism in determining exercise training-induced changes of 
endogenous fibrinolysis. 



Acknowledgements 

This research was supported by NIH grants AG15389 and 
AG17474 to JMH. APG and RM were supported by the Depart- 
ment of Veterans Affairs Medical Research Service, the Baltimore 
VA Geriatric Research, Education, and Clinical Center, and the 
University of Maryland Claude D. Pepper Older Americans Inde- 
pendence Center (P60 AG12583), 



References 

1 American College of Sports Medicine. Guidelines for Exercise Testing 
and Prescription. Indianapolis, IN: American College of Sports Medi- 
cine, 1991: 35-45 

2 Blair SN, Kohl ill HW. PaffenbargerRSJr, Clark DG. Cooper KH, Gibbons 
LW. Physical fitness and all-cause mortality: a prospective study of 
healthy men and women. J Am Med Assoc 1989; 262: 2395-2401 

3 Chandler WL, Schwartz RS, Stratton JR, Vitiello MV. Effects of endur- 
ance training on the circadian rhythm of fibrinolysis in men and 
women. Med Sci Sports Exerc 1996; 28: 647-655 

4 Cortellaro M, Cofrancesco E, Boschetti C, Mussoni L, Donati MB, Car- 
dillo M, Catalano M, Gabrielli L, Lombardi B, Specchia C. Increased fi- 
brin turnover and high PAI-1 activity as predictors of ischemic events 
in atherosclerotic patients A case-control study. The PLAT Group. Ar- 
teriosclerThromb 1993; 13: 1412-1417 

5 Dawson SJ, Wiman B, Hamsten A, Green F, Humphries S, Henney AM. 
The two allele sequences of a common polymorphism in the pro- 
moter of the plasminogen activator inhibitor-l(PAI-l) gene respond 
differently to interleukin-1 in HepC2 ceils. J Biol Chem 1993; 268: 
10739-10745 



Kulaputana O et al. Genetics, Fibrinolysis, and Exercise ... IntJ Sports Med 2006; 27: 617-622 



u DeCeus E, Kluft C, DeBa VDL Effects of exercise training on plasmino- 
gen activator inhibitor activity. Med Sci Sports Exerc 1992; 24: 1210- 
1219 

7 Doggen C, Bertina R, Cats V, Reitsma P, Rosendaal F. The 4 G/5 G poly- 
morphism in the plasminogen activator inhibitor-1 gene is not asso- 
ciated with myocardial infarction. Thrombosis Haemost 1999; 82: 
115-120 

H El-Sayed M, Lin X, Rattu A. Blood coagulation and fibrinolysis at rest 
and in response to maximal exercise before and after a physical con- 
ditioning programme. Blood Coagul Fibrinolysis 1995; 6: 747 - 752 

9 Eriksson P, Kallin B, van't Hooft FM. Bavenhoim P, Hamsten A. Alieie- 
specific increase in basal transcription of the plasminogen-activator 
inhibitor 1 gene is associated with myocardial infarction. Proc Natl 
Acad Sci USA 1995; 92: 1851 - 1855 

10 Eriksson P, Nilsson L, Karpe F, Hamsten A. Very-low-density lipopro- 
tein response element in the promoter region of the human plasmi- 
nogen activator inhibitor-! gene implicated in the impaired Fibrinoly- 
sis of hypertriglyceridemia. Arterioscler Thrombrosis Vase Biol 1998; 
18:20-26 

11 Estelles A, AznarJ, Tormo G, Sapena P, Tormo V, Espana F. Influence of 
a rehabilitation sports programme on the fibrinolytic activity of pa- 
tients after myocardial infarction. Thrombosis Research 1989; 55: 
203-212 

12 Hamsten A, DeFaire U, Walldius G, Dahlen G, Szamosi A, Landou C. 
Blomback M, Wiman B. Plasminogen activator inhibitor in plasma: 
risk factor for recurrent myocardial infarction. Lancet 1987; 2:3-9 

13 Henry M, Chomiki N, Scarabin PY, Alessi MC, Peiretti F, Arveiler D, Fer- 
rieresj, Evans A, Amouyel P. Poirier 0, Cambien FJuhan-Vague I. Five 
frequent polymorphisms of the PAI-1 gene: lack of association be- 
tween genotypes. PA1 activity, and triglyceride levels in a healthy pop- 
ulation. Arterioscler Thrombrosis Vase Biol 1997; 17; 851 -858 

14 Henry M, Tregouet DA, Alessi MC, Aiilaud MF t Visvikis S, Siest G. Tiret 
LJuhan-Vague I. Metabolic determinants are much more important 
than genetic polymorphisms in determining the PAI-1 activity and 
antigen plasma concentrations: a family study with part of the Stani- 
slas Cohort. Thrombrosis Vase Biol 1998; 18: 84-91 

15 Hooper WC, Lally C, Austin H, Renshaw M, Dilley A, Wenger N, Phillips 
D, Whitsett C Rawlins P, Evatt B. The role of the t-PA I/D and PAI-1 4 G/ 
5 G polymorphisms in African-American adults with a diagnosis of 
myocardial infarction or venous thromboembolism. Thromb Res 
2000;99:223-230 

,e lacovielloL, DiCastelnuovoA.de Knijff P. Alu-repeat polymorphism in 
the t-PA gene, t-PA levels and the risk of familial AMI. Fibrinolysis 
1996; 10: 13-18 

17 Jem C, Ladenvail P, Wall U, jern S. Gene polymorphism of t-PA is asso- 
ciated with forearm vascular t-PA release rate. ArteriosclerThrombro- 
sisVasc Biol 1999; 19:454-459 

18 Julian-Vague I. Pyke SD, Alessi MC, Jespersen J, Haverkate F.Thompson 
SG. Fibrinolytic factors and the risk of myocardial infarction or sud- 



den death in patients with angina pectoris. ECAT study group. Circu- 
lation 1996; 94: 2057-2063 

19 Krauss RM, Deckelbaum RJ, Ernst N. Dietary guidelines for healthy 
American adults. A statement for health professionals from the Nutri- 
tion Committee, American Heart Association. Circulation 1996; 94: 
1795-1800 

20 Margaglione M, Grandone E, Cappucci G, Colaizzo D, Giuliani N, Vec- 
chione G, d'Addedda M, Di M. An alternative method for PAI-1 pro- 
moter polymorphism (4C/5G) typing. Thrombosis Haemost 1997; 
77: 605-606 

21 RankinenT, Rauramaa R, Vaisanen 5, Haionen P, Penttila 1. Blood coag- 
ulation and fibrinolytic factors are unchanged by aerobic exercise or 
fat modified diet. Fibrinolysis 1994; 8: 48-53 

22 Ridker PM, Hennekens CH, Stampfer MJ, Manson JE, Vaughan DE. Pro- 
spective study of endogenous tissue plasminogen activator and risk of 
stroke. Lancet 1994; 343: 940-943 

23 Ridker PM, Vaughan DE, Stampfer MJ, Manson JE, Hennekens CH, En- 
dogenous tissue-type plasminogen activator and risk of myocardial 
infarction. Lancet 1993; 341: 1165-1168 

24 Speiser W, Langer W, Pschaick A. Increased blood fibrinolytic activity 
after physical exercise: comparative study in individuals with differ- 
ent sporting activities and in patients after myocardial infarction tak- 
ing part in a rehabilitation sports program. Thrombosis Research 
1988; 55:203-212 

25 Stratton JR, Chandler WL, Schwartz RS. Effects of physical condition- 
ing on fibrinolytic variables and fibrinogen in young and old healthy 
adults. Circulation 1991; 83: 1692-1697 

26 Vaisanen SB, Humphries SE, Luong LA, Penttila I, Bouchard C, Raura- 
maa R. Regular exercise, plasminogen activator inhibitor-1 activity 
and the 4C/5 G promoter polymorphism in the PAI-1 gene. Thrombo- 
sis Haemost 1999; 82: 1117-1120 

27 van den Eijnden-Schrauwen Y, Lakenberg N, Emeis JJ, de Knijff P. Alu- 
repeat polymorphism in the tissue-type plasminogen activator (t-PA) 
gene does not affect basal endothelial t-PA synthesis. Thrombosis 
Haemost 1995; 74: 1202-1208 

28 van der Bom JG, de Knijff P, Haverkate F, Bots M, Meijer P, dejong PT, 
Hofman A, Kluft C, Grobbee DE. Tissue plasminogen activator and risk 
of myocardial infarction. The Rotterdam Study. Circulation 1997; 95: 
2623-2627 

29 Wilund KR,Coivin PL, Phares D, Goldberg AP, HagbergJM.The effect of 
endurance exercise training on plasma lipoprotein Al and lipoprotein 
AI:AII concentrations in sedentary adults. Metabolism 2002; 51: 
1053-1060 

30 Ye S, Creen FR, Scarabin PY, Nicaud V, Bara L, Dawson SJ, Humphries 
SE, Evans A, Luc C, Cambou JP. The 4 G/5 G genetic polymorphism in 
the promoter of the plasminogen activator inhibitor-1 (PAl- l)gene is 
associated with differences in plasma PAI-1 activity but not with risk 
of myocardial infarction in the ECTIM study. Thrombosis Haemost 
1995;74:837-841 



Kulaputana O et al. Genetics, Fibrinolysis, and Exercise ... IntJ Sports Med 2006; 27: 617-622 



International lournal of Sports Medicine 



Editors 

H.-J. Appeil, Cologne (FRG) 
G. Atkinson, Liverpool (UK) 
J. Duarte, Porto (P) 
W. M. Sherman, Columbus (USA) 



Editorial Board 

P. Bartsch, Heidelberg (FRG) 

D. Boning, Berlin (FRG) 

J. Carlson, Melbourne (AUS) 

L Di Luigi, Rome (!) 

M. Francaux, Louvain-la-Neuve (B) 

H, Freund, Strasbourg (F) 

H. Galbo, Copenhagen (DK) 

A. Gollhofer, Freiburg (FRG) 

j. Hagberg, College Park (USA) 

M. Halle, Munich (FRG) 

M. jarvinen, Tampere (FIN) 

A. Jeukendrup, Birmingham (UK) 

A. jones, Exeter (UK) 

M. joyner, Rochester (USA) 

H. Kuipers. Maastricht (NL) 

P. Lijnen, Leuven (B) 

R. J. Maughan, Aberdeen (GB) 

W. van Mechelen, Amsterdam (NL) 

M. Miyashita, Tokyo (JAP) 

T. Noakes, Cape (SA) 

S. Powers, Gainesville (USA) 

L Qin, Hong Kong (PRC) 

N. Rehrer, Dunedin (NZ) 

M, Saglv, Netania (IL) 

D. Sale, Hamilton (CDN) 

M. Sawka, Natick (USA) 

L. Spriet, Guelph (CDN) 

J. Steinacker, Ulm (FRG) 

A. Viru, Tartu (Estonia) 

R. T. Withers, Adelaide (AUS) 



Supported by 

the German Society of 

Sports Medicine 



Reprint 

Volume 27, 2006 

© Georg Thieme Verlag KG Stuttgart . New York 
Reprint with the permission 
of the publishers only 



Georg Thieme Verlag KG 

Rudigerstrafce 14 
D-70469 Stuttgart 
www.thieme-connect.com 
www.thieme.de/sportsmed 

Thieme New York 

333 Seventh Avenue 
New York, NY 10001 
www.thieme.com 



